This paper investigates the impact of innovations in US economic policy uncertainty on the co-movements of, respectively, the Shanghai A-share, the Shenzhen A-share, the Shanghai Bshare and the Shenzhen B-share market, with the US stock market. We show that it is absolute changes in the US economic policy uncertainty index that have a negative impact on the comovements. The finding is robust to the asymmetric effects of non-policy-uncertainty shocks, to a break in the correlation structure, and to the four different Chinese stock markets investigated. Our results provide the first evidence regarding how stock market correlations are driven by policy-related uncertainty shocks in the international context.
1.

Introduction
Does economic policy uncertainty (EPU) in the US matter for China's stock markets? In the present study, we approach this general question by investigating specifically the impact of US EPU innovations on the co-movements between the Chinese and the US stock market. Our study is motivated by the following considerations.
First, there is growing interest in studying the link between economic policy uncertainty and financial risk management. In a recent review article, Hammoudeh and McAleer (2015) note that "research papers in financial risk management and economic policy uncertainty are among the most widely cited, downloaded and viewed articles in finance and financial economics". Overall, the twenty-two studies reviewed therein have demonstrated that economic policy uncertainty does confound market participants and policymakers, in terms of financial risk. However, the findings provided by these research endeavors are mainly concerned with how US EPU shocks influence the European economies or how Chinese EPU shocks affect the Great China economy. No studies have looked at the impact of US EPU shocks on the Chinese stock markets. While Hammoudeh and McAleer's (2015) review only covers the papers published in one journal, similar important contributions have also appeared in other journals, including Karnizova and Li (2014) , Antonakakis et al.. (2013) , Jones and Olson (2013) , Colombo (2013) , Klößner and Sekkel (2014) , and Li et al.. (2015) . Again, these studies have also overlooked the Chinese stock market as an affectee of US EPU shocks. We deem this neglect a void to fill in.
The second consideration pertains to the importance of our research question posed above, which is relevant to investors trading in the Chinese, US and even other Asian stock markets (see, e.g., Shu et al.., 2015) . Nowadays a Google-Scholar search for articles on China's stock markets will return about 147,000 results, and many of them conduct analyses from the perspective of international investors. Indeed, since the Chinese government launched the QFII (Qualified Foreign Institutional Investors) scheme in 2003, the Chinese Ashare market has become increasingly integrated with the international market.
1 By the end of 2014, more than 280 companies from 20 countries registered as QFIIs in China, the total QFIIs' investment capital exceeded 400 billion US dollars, and there were more than 49 US companies with 60 billion US dollars or more of investment capital. Furthermore, by the end of February 2014, the total quotas issued under the QFII programme rose to $52.3 billion from $51.4 billion at the end of December 2013, and to 180.4 billion yuan ($29.44 billion) from 167.8 billion yuan under the RQFII programme, according to data released by China's State
Administrate of Foreign Exchange. Accordingly, changes in US EPU are likely to influence the behaviour of all those foreign institutional investors who partake in both the American stock market and the Chinese A-and B-share markets. This will likely enable US EPU shocks to drive the co-movements of the stock markets of the two nations. In addition, more than a hundred websites have been created for monitoring QFIIs' activities in China. There is evidence that many Chinese retail investors tend to follow the investment trends of institutional investors including QFIIs (Hurle, 2011 Many recent studies on policy uncertainty (See, e.g., the articles cited above) employ the EPU indexes developed by Baker et al. (2012) , and so does the present paper. Following Li et al. (2015) , we treat innovations in the EPU index as policy-induced shocks. While Li et al. (2015) consider stock-bond correlations within the US, our interest is in stock-stock correlations between China and the US. Then, what might be the sign of the impact of US EPU shocks on the correlations? Let us carry out some reasoning. Suppose a representative risk-averse QFII holds a portfolio comprising Chinese and US shares or stock indexes. Given everything else, when the American EPU index rises (a positive EPU shock), there will be three possibilities: (a) the investor tends to sell in the US stock market and buy in the Chinese stock market; (b) it tends to sell in the US stock market while doing nothing in the Chinese stock market; and (c) it tends to sell in both markets. When the American EPU index falls (a negative EPU shock), there will also be three possibilities: (d) the investor may raise demand for both US and Chinese shares; (e) it may raise demand for the former while not changing demand for the latter; and (f) it may raise demand for the former while reducing the holdings of the latter. In addition, we suppose that many, if not all, other QFIIs do the same, and many, if not all, Chinese retail and institutional investors follow the suit of this representative QFII.
Then, different outcomes are possible. Following positive EPU shocks, (a) and (b) would lead to a decline, while (c) would lead to a rise, in the China-US correlations. In other words, the effect of positive EPU shocks is negative in (a) and (b) but positive in (c). Following negative EPU shocks, (d) would lead to a rise, while (e) and (f) would lead to a fall, in the China-US correlations. Put differently, the effect of negative EPU shocks is negative in (d) but positive in (e) and (f). Note that, even if no QFIIs respond to US EPU innovations, American domestic investors will: They will sell (buy) in the US stock market following a rise (fall) in policy uncertainty, also driving the China-US stock market correlations to change. Since there is, a priori, no knowledge or theory for us to determine which outcome should be expected, we adopt Li et al.'s (2015) general framework to accommodate all these possibilities and let the data speak. Specifically, this asymmetric DCC framework incorporates positive and negative EPU shocks as separate exogenous variables and then estimates their respective coefficients.
Throughout this paper, we refer to the framework as ADCCX.
Employing the ADCCX framework, we examine the impacts of US EPU changes on four China-US stock market correlations. That is, we consider four well-known stock markets on the part of China: the Shanghai A-share (SHA), Shenzhen A-share (SZA), Shanghai Bshare (SHB) and Shenzhen B-share (SZB) markets. The differences between A-and B-shares 2 make it necessary for us to check if the impact of US policy uncertainty innovations on the correlation would be different across them. To anticipate, our main result shows that it is absolute changes in the US EPU index that have a negative effect on each of the four correlations.
Our study makes contributions to three strands of the literature. One strand looks at the power of print in terms of the effects of news-based policy uncertainty shocks on asset markets in general. Whereas it has been found that policy uncertainty shocks significantly change stock market volatility and returns (See, e.g., Hammoudeh and McAleer, 2015) , and stockbond market correlations (See, e.g., Li et al., 2015) within the national context, we offer evidence that this is the case for stock-stock market co-movements and from an international perspective. The other strand is relevant to those who are interested in the interdependence between the Chinese and other national stock markets, and embraces a large number of articles (See, e.g., Huang et al., 2000; Johnson and Soenen, 2002; Aloui, et al., 2011; and Wang et al., 2011) . Whereas these studies have deepened our understanding of the interdependence, one important issue omitted is how policy-related uncertainty shocks, especially the US ones, may influence such interdependence. Addressing the issue is our contribution to this strand. The third strand deals with the power of print associated with Chinese EPU and its influences on the domestic or the Great-China economy in particular. However, to the best of our knowledge, there are only two published studies, Wang et al. (2014) and Sin (2015) , in this strand. The former shows that higher EPU dampens corporate investment in China, while the latter suggests that changes in mainland China's EPU do not have significant influence on Taiwan but on Hong Kong. We turn to the financial market, instead of the real sector, in China, and to US EPU rather than Chinese EPU. Our results suggest that not just Chinese own EPU shocks studied previously, but also US EPU shocks, may be relevant to fluctuations in the Chinese economy, as the stock market is an important economic indicator (Mankiw, 2013, pp. 505-507) .
The rest of the paper is organised as follows: Section 2 describes data and methodology. Section 3 presents and discusses empirical results. Section 4 concludes.
Data and methodology
Data
From Datastream, we source data on the Shanghai SE and the Shenzhen SE A-Share price indexes (yuan-denominated), the Shanghai SE and the Shenzhen SE B-share price indexes (US dollar-denominated), and the SP500 index (US dollar-denominated). Since the return rates of S&P500 will be different if it is converted into the yuan, we need to check whether our results will be sensitive to this conversion. To this end, we also obtain data on the yuan-dollar exchange rate from Datastream, but present the results in Appendix.
Daily data are notoriously known as being too noisy, while monthly data would lose much useful information. Therefore, on balance, we use weekly frequency for empirical investigation. The daily US EPU index is obtained from the Economic Policy Uncertainty website 3 and then converted into weekly frequency to be consistent with the stock index data.
Weekly stock market returns are calculated as log differences of their corresponding price indexes between two successive Mondays (Wednesday-to-Wednesday returns were also tried but the results remain qualitatively similar), and so is the change rate of the EPU index. Our sample period spans from January 4, 1993 to December 31, 2014, giving us 1,160 observations for each time series.
Figures 1-5 plot the weekly return rates of the five stock markets under investigation, and Figure 6 shows the percentage change of the US EPU index. It is well known that emerging equity markets are more volatile than developed ones, and the five figures provide
Chinese evidence for this phenomenon. There are more and larger spikes in China's two Ashare and two B-share index returns than in the S&P500 index returns. The summary statistics in Table 1 Let r it be the return rate of market i for week t, which is assumed to follow an ARMA(1,1)
process:   (i = 1, 2) being the two standardized residuals.
In modeling conditional variances h 1t and h 2t , we allow for possible leverage effects by estimating GJR-GARCH(1,1):
where it z  = I(z it  0)z it ("" denotes the Hadamard product). Equation (3) 
works well where one attempts to take into account the asymmetric effects of non-EPU and EPU shocks on correlations. As such, we employ this model. In equation (4) 
and  t   = I( t < 0) t . Equation (4) embraces the standard DCC model of Engle and Sheppard (2001) augmented with t, where 1 = 2 = 0. For convenience, we present the element version of (4) below:
The parameter restrictions are Relevant to the focus of this study, the term 
There are three possibilities.
 , and a rise and a fall in the EUP index would have opposite but symmetric effects on the subsequent China-US stock market correlations. (ii), 
 , and a rise and a fall in the EUP index would change the future China-US market correlations in the same direction.
which is the general case. We perform tests for the four China-US stock market correlations, to ascertain which case is true in each of them.
It should be of interest to investigate whether the effects of US EPU shocks on the China-US stock market co-movements have changed their signs over the sample period. To this end, we also consider a structural break in equation (4). There might have been a very large number of possible events causing structural change, but it is beyond the scope of this study and would make our undertakings intractable to try all of them. Accordingly, we focus on one event most relevant to the question posed above: the advent of the QFII scheme in May 2003. The caveat, however, is that we do so not to test whether or not the event gave rise to a break, but rather to make sure that the break, if present, has not altered the direction in which the US EPU shocks affect the co-movements.
We estimate the parameters in the GJR-GARCH and ADCCX models by applying the two-stage procedure proposed by Engle and Sheppard (2001) . As noted above, this procedure uses the quasi-maximum-likelihood estimator (QMLE), as the distributions of standardized residuals  1t and  2t do not satisfy the normality assumption. The two authors establish the consistency and asymptotical normality of the QMLE, although it is not efficient. To mitigate the inefficiency problem, we modify the standard errors of coefficient estimates according to the theorems provided in Engle and Sheppard (2001) for the two-stage procedure. Table 2 presents the estimation results of the GJR-GARCH model for the five return series.
Empirical results
Preliminary results
Only the S&P500 return series is plagued by the leverage effect, with  in equation ( Another, albeit less important, finding pertains to the  parameter. The inclusion of this parameter in the ADCCX model has the advantage of capturing the asymmetric effects of non-EPU shocks (Li, 2011 and Li et al.., 2015) . In view of this, we employ the model to control for the effects, thereby ensuring that the effects of EPU shocks, if present, are not due to those of their non-EPU counterparts. Table 3 illustrates that most of the  coefficient estimates are both statistically and economically significant, though one of them is only economically significant (see  1 = 0.1447 in Panel C). Despite of these, however, the significances of the  + and  -parameters are still consistently high. Thus, non-EPU shocks (e it ) do not contain information about EPU shocks ( t ), which suggests that incorporating the latter in the ADCC model is an effective way to reveal their own effects.
Robustness check via allowing for structural change
Did the correlation impacts of US EPU shocks change their directions during the sample period under investigation? The question is relevant given that the Chinese stock markets have undergone some important reforms such as the implementation of the QFII scheme. As mentioned above, the present study is only interested in whether the signs of the  + and  -parameters remain unchanged over the investigated sample period as reported in . This is so, despite the fact that the structural break in the unconditional correlation (  ), and in all other ADCCX model parameters ('s, 's and 's), is allowed/controlled for. These results imply that the structural break in the system does not alter the correlation impacts of US EPU shocks qualitatively though quantitatively, consistent with the findings reported in Table 3 .
We now explore the issue of symmetry or asymmetry with which positive and negative US policy uncertainty shocks impact each of the four correlations; and this is done for respectively the pre-and the post-break period. Specifically, we impose the restrictions E The aforementioned test results from Table 4 suggest that the last two terms in equation (4) Tables 4 and 5 , it is reasonable to use the ADCCX models in Table 5 The results in Table 5 (and Table 4 ) apparently point to this outcome.
Our results can be compared with those of several similar studies on securities markets, although they have focused on stock-bond correlations. For instance, Li et al. (2015) find that innovations in the US EPU index impact negatively, albeit asymmetrically, on the subsequent stock-bond correlations within the US. An earlier study by Connolly et al. (2005) also detects negative effects of absolute changes in uncertainty (measured by implied volatility) on the future stock-bond correlation. To the best of our knowledge, there have been no studies on how stock-stock correlations respond to EPU shocks. As such, our results complement the related empirical findings in Li et al. (2015) and Connolly et al. (2005) in three main aspects:
The evidence we provide is (i) on stock-stock correlations rather than stock-bond correlations,
(ii) from an international perspective rather than within a country, and (iii) with the effect of a negative EPU shock being positive, rather than being negative as in Li et al. (2015) .
Simulation analysis
Some results from Table 5 were not yet mentioned and discussed in the previous subsection.
These results are economically interesting, and so deserve a section for discussion.
It seems that the SHA-S&P500 and SZB-S&P500 correlations responded more strongly to US EPU shocks in the pre-break than in the post-break period: analysis is an intuitive way to uncover the full difference in the correlation responsiveness 5 The negative relation between  and  across two subsample periods is not new and has been documented in Li (2011) and Li et al. (2015) . This may be due to the restriction   1. 6 It can be shown that between the pre-and the post-break period for each Chinese stock market. This subsection thus carries out simulation analysis based on the ADCCX model in Table 5 .
It may be useful to begin with the time-series plots of the four correlations depicted in would have a declining effect on the correlations that lasts for a varying number of weeks depending on which Chinese share market is in question. In fact, the above discussions on the four figures also contain the information about the economic significance of the initial correlation impact of an EPU shock. For example, a 1.5-standarddeviation change in EPU innovations could have an effect as large as -0.0972 (associated with the SHB-S&P500 correlation). This is comparable to the impact of a transitory US EPU shock on the stock-bond correlation (See Li et al., 2015) .
The analysis so far has been focused on the cases where a shock and the EPU innovations it hits are in the same direction (e.g., a positive shock to positive EPU innovations).
One may be curious to know what if they have opposite directions (e.g., a negative shock to positive EPU innovations). To satisfy this curiosity but to preserve space, we only present one figure, Figure 15 , for comparison. Panels (a) and (c) are directly taken from Figure 11 , while Panels (a') and (c') are newly added. In the latter two panels, we perturb positive EPU innovations by a negative shock, and perturb negative EPU innovations by a positive shock.
The two shocks are all equal to 1.5 standard deviation of  t , as in Panels (a) and (c). One can observe that the counterfactual trajectories in Panels (a') and (c') are largely the mirror images of those in Panels (a) and (c). So, our conclusions from Figures 11-14 remain unaffected. 
Conclusions
The focus of this paper is on exploring the linkage between US EPU innovations and four China-US stock market correlations -the SHA-S&P500, the SZA-S&P500, the SHB-S&P500, and the SZB-S&P500 correlation. Serving this purpose, we employ the ADCCX model that incorporates the EPU innovations as an exogenous variable, and estimate the model with and without structural change.
Our efforts have delivered important results. It is absolute changes in the US EPU index that have a negative impact on the correlations. For example, a larger rise or a larger fall in US policy uncertainty would both reduce the magnitude of subsequent co-movements between the Chinese and American stock markets. And, everything else constant, the reduction in the co-movements is the same across the rise and the fall in US EPU. These findings are robust to the asymmetric effects of non-EPU shocks, to a break in the correlation structure, and to the four different Chinese stock markets investigated. The results provide the first EPU evidence for stock-stock correlations in the international context, and are complementary to the existing EPU evidence for stock-bond correlations within a country.
The results imply that changes in US EPU may affect mainly the purchases/sales in the US stock market, whereby leading to changes in the co-movements of the Chinese stock markets with the US stock market.
Investors whose global market portfolios comprise both Chinese and US stocks or stock indexes may draw an implication of our results for financial risk management. A rise or a fall in the China-US stock market correlations due to changes in US policy uncertainty requires rebalancing of their portfolios by increasing or reducing the weights attached to the Chinese and/or US stock markets. In other words, for gaining diversification benefits, investors need to pay close attention to US policy uncertainty and act accordingly.
It would be of further interest to examine which EPU, Chinese or US, is more influential, or whether they would jointly impact, on the China-US stock market comovements. Investigating these issues would require the use of more and better data (e.g.,
higher-than-monthly-frequency data) on the Chinese EPU index. We leave these issues for future research when such data become available.
In section 3 of the paper, we report and discuss the results regarding the SHA-S&P500 and the SZA-S&P500 correlations. The data on the SHA and SZA indexes are denominated in the Chinese yuan, while the data on the S&P500 index in the US dollar. In other words, the potential effects of the yuan-dollar exchange rate, which has become managed floating since July 21, 2005, are ignored. One natural question arises: If taking into account the exchange rate effects, would our results reported in the paper be altered qualitatively? To address this concern, one way is to use a common currency, either the yuan or the dollar. We choose to convert the dollar value of the S&P500 index into Chinese currency.
To save space, we only present Tables A1 and A2 which are similar to Tables 4 and 5 in the paper. It is observed that the estimates of E Table A1 . Table A2 summarises the results. One can see that the estimates of  E and  L are all negative at the 1% level for the two correlations.
It can now be concluded, therefore, that allowing for the yuan-dollar exchange rate effects does not alter our results for the two correlations reported in the paper.
